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from the standpomi that a large number of smaller flaws can be identified and potentially removed.
There are issucs with waler disposal, especially for higuid lines where the test watler may conlain
some contamination from the product. and a good source of water is sometunes hard to find.

6.2.2  fn-Line mspection (L1

6.2.2.1 1LI Technologies

ILI ean be utilized for detection of SCC i hazardous liquids pipelines, but appears to be less
amenable for gas pipelines, due to the need for a liguid slug acting as a couplant when utilizing the
most sensitive, i.e.. ultrazonie, technologies. In the opinion of an operator forum contacted during
this study: “UT technology 15 [the] only reliable in-line inspection tool technology (1.e. TFI and
EMAT not proven).” Magnetic Flux Leakage (MFL) Transverse Ficld Inspection (TFI) has been
used in gas pipelines to attempt detection of SCC and, in the opinion of an operator forum contacted
during this study: “.has not had a high success rate.” Electro Magnetie Acoustic Transducer
(EMAT)Y is a mewer MDT technology used for IL] tools to detect SCC.

Detection of anomalies oriented in the longitudinal direction is best accomplished with the shear
wave UT tool, which mtroduces shear waves in the ercumferential direction. Liquid coupled tools
are the most accurate and common tools used for crack detection. The quality of the inspection is a
function of both the ability 1o detect small cracks and also the ability to accurately determine the
Maw size. UT ILI 15 most eammonly used m ligquid pipelines.

There are two tvpes of ILI shear wave UT
tools available o the pipeline industry today,
The first of these twa, the Elastic Wave (EW)
tool developed by British Gas (subscquently
PII). can be run in a gas pipeline sinee it does
not require a liquid couplant as do other UT
tecls. The basic technology employed by is
conventional shear wave transducer i liguad-
filled polvurcthane wheels which come n
contact with the pipe wall to establish the
coupling required to transmit and receive the
UT signals. These wheels are arranged m an
array of pairs and the path through the pipe Figure 6-2  Elastic Wave
wall between the two transducers in a pair is

approximately nine inches, The shear wave

signals are induced into the pipe at a 65-degree

angle 1o the pipe surface.
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The advertised specifications for a typical large diameter EW system are as follows;

Max Pressure 1015 psi | Min Crack Length 25in

Max Speed 9.8 fi'sec | Sizing Accuracy +04in

Min Speed 0.3 fi/sec | Min Crack Depth 25% W.T.
Min Bend Radius 3D | Sizing Accuracy +25%of depth
Min Crack Width | 0in | Probability of Detection | 90%

Mote that these specifications are provided as examples, can change quickly, and should be
verified with vendors before being relied upon for decision making.

The table above indicates that the threshold for crack detection is 2.5 inches long by 25 percent wall
thickness penetration over 1is full length. This threshold erack size i1s more characteristic of SCC
clusters with linked eracks than it is of relatively short and shallow cracks typical of the carly stage
of SCC, The sizing accuracy listed in the table 15 £25 percentof the depth and + 0.4 inches of crack
length with a 90 percent probability of detection. These specifications seem to indicate that the EW
tool is more useful for detection of significant ¢racking than it is for monitoring the growth of
relatively small clusters of shallow stress comrosion cracks.

In the opinion of an operator fortim contacted during this study: The EW tool “... provides poor
discrimination between 8CC and other reflectors, thus giving a very high positive rate, Such
performance is unaceeptable, as the cost of an examination dig can range from $5-10,000 to well
over $100,000 in congested or difficult areas. With an approximate ratio of false positives to true
positives of 10:1, this becomes an unacceptable drain on an operator’s stafl, equipment and financial
resources,”

The second shear wave UT tool. the UltraScan CD™ (CD) tool, was also developed by P11 but
employs a totally different approach than the EW tool in applying basically the same technology.
While both tools use ultrasonic shear waves as the primary technique, the EW tool induces the signal
at a 65-degree angle, which yvields a nine-inch path length between the transmitter and the receiver in
tvpical large diameter and wall thickness pipeline steels. In contrast, the CD tool induces the signal
at a 45-degree angle and the path length is only slightly over one inch. yielding a much more reliably
received signal. The CD tool has a minimum of ten times more transducers than does the EW tool,
vielding much more redundancy—a eritical component for interpretation credibility. The CD tool
has a minimum crack length detection capability of 30 mm with substantial redundancy, while the
EW tool can only detect a 50 mm long crack with minimal redundancy. In its literature, PII does not
specify a “confidence level” for detection of cracks, but rather lists the lower limit as a “minimum.”
Therefore, the assumption that all cracks are equal to or greater in length to the minimum crack
length detection threshold (assuming that the tool speed does not exceed the maximum) should be
criticallv examined. Although it may be shown that indications correlate with subsequent direct
examinations, there is insufficient information to detenmine if eracks may have heen missed. In
summary, the CI tool has been run on about 1/10 of 1 percent of the pipe that the MFL tool has
been run, In the opinion of an operator forwm contacted during this study: “Although this tool has a
demonstrated capability to detect sub-critical cracks, further studies and dissemination and review of
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results are needed to determine the actual reliability ranges.” Thus, it may be appropnate to conclude
that the technology is promising. but the detection capability of the tool has not been firmly
established.

Even though MFL tools have been used for many vears in the detection of three dimensional defects
in pipelines such as corrosion, mill origin defects, and mechanical damage, it has only been in the
last Few vears that the concept has been used for longitudinally oriented defects such as cracks,
longitudinal weld defects, and narrow axial corrosion. With the advent of improved higher resolution
capabilities, orienting the magnetic flux circum ferentially allowed detection of Tlux leakage when
passing over longitudinally oriented defects. TFI tools can be used to detect cracks, lack of fusion in
the longiudinal weld seam, and significant SCC clusters.

The most significant variable
affecting a  TFI  wol’s
sensitivity to SCC is the air
gap in a crack. Typically,
longer and decper cracks have
a greater air gap, and the air
gap increases with increasing
hoop stress level. Therefore,
one  ean  conclude  thai
maintain the hoop stress at the
highest practical level during
TFI runs should improve the
sensitivity of the TFI tool.
The air gap in intergranular
high-pH stress  corrosion
cracks is typically less than
Figure 6-3 Transverse Magnetic Flux Inspection Principle the air gap in transgranular
near  neutral-pH  siress
corrosion eracks of equivalent size. Thus, the relatively wide near neutral-pH stress corrosion will be
easier to detect with a TFI tool than will be tighter. high-plH stress corrosion cracks of eguivalent
size. Alternately. the TFI tool can detect smaller, near neutral-pll stress corrosion cracks than it can
high-pH siress corrosion cracks. The TFI tools perform equally well in gas pipelines as they do in
liguad.,

The newest technology being applied in [L1 equipment is EMAT. The basic principle of EMAT is
the generation of an ultrasound compression wave using a magnetic field at the internal surface of
the pipe wall. Alternating current placed through the coil induces a current in the pipe wall, causing
Lorentz lorees. Aller the compression wave has been generated, it travels through the pipe wall and
reflects from the surfaces. The returning echo produces a pulse in the transducer. As with traditional
UT, the time hetween firing pulses and the echoes determines the remaining wall thickness.

While this technology is not new, its use in completely self-contained pipeline inspection tools is
very new and is being pursued by three major ILI vendors at this time. Two of these vendors have
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performed initial surveys in operating pipehines and both have found imitial design considerations
that must be improved before the technology can be offered on a commercial basis.

The issues identified relate to
mechanical considerations unique to
these specific  primary  devices
(transducers) that are quite fragile in
harsh operating pipeline
environments, Both vendors have
been able to confirm that proven data
acquisition and onboard  data
archiving techniques work as well
with EMAT as with their other
inspection technologies. The massive ® Establish a magnetic figld in the pinawall
amount of raw data will most likely D BT S mganac fiad
require  some  on-board  decision-
making in the final commercial
models. In addition, the algorithms
used for data processing will be new
since the data input is totally difTerent
from that of both MFL and UT. Both
vendors have determined that the
resulting data are quite defimtive for
tight longitudinal cracking such as
SCC, being desribflfs offfl O | 2 firmrrmn it i
etter than the ultrasonic
data. Furthermore, the EMAT coneept Figure 64 Basic EMAT Concept
does not require a liquid couplant and
performs equally well in gas pipelines
as it does in liquid pipelines,

In summary. and in the opinion of an operator forum contacted during this study: ... the vendors of
these technologies, TFI and EMAT, note that they are not to the point of considering them
commercially available or adequate for detecting and managing SCC. Operators meet with them
regularly. Some of these discussions have taken place in the past few weeks (carly August 2004),
UT technology is [the] only reliable in-ling inspection tool technology (i.e. TFI and EMAT not
proven ).

6.2.2.2 Tool Availability

Equipment availability is a current 1ssue with all four ILI tools discussed above. Based on publicly
available information, the EW tool is available in most common diameters from 24- to 36-inch,
while the CD 1ool 1s available in 16- 1o 34-inch diameters. The TFI ol is available in most common
diameters from 6- to 56-inch. The EMAT tools are not currently commercially available, but the
prototypes are reported to be between 24- and 30-inch in diameter. It is expected that in the long
term, the electronic 111 vendors will respond to any reasonable demand in the marketplace by
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providing additional sizes, as well as the additional equipment and personnel required to serve the
market,

6.2.2.3 ILI Crack Characterization

Onee detected, a erack must then be characterized. i.e. its specific dimensions must be determined to
allow for further evaluation, This characterization process breaks out all the various crack types into
families of cracks that contain similar signal clements. No comparative confidence levels are
specifically cited for SCC.

As shown in Table 6.1, the CD tool outperforms the EW tool in the category of defect sizing. A
reasonable assumption is that the CID tool is more reliable than the EW tool for integrity
management as it relates to longitudinal erack detection. However, efforts to improve the EW tool
are continuing.

Table1  Comparison of CD and EW Tools

CD Tool EW Tool
Minimum Crack Length 30 mm 50 mm
Length Sizing Accuracy + 5 mm =10 mm
Minimum Crack Depth 1mm 25% of Wall Thickness
Depth Sizing Accuracy + 1 mm + 25%0f Depth
Confidence Level on Crack Sizing, DSAW 85% 25-50%
Mote that these spacifications are provided as examples, can change quickly, and should be verified
with vendors before being relied upen for decision making.

6.2.2.4 ILI Deployment

The CD tool relies on a liquid couplant fo provide a reliable path between the transducer and the
pipe, and therefore cannot be easily employed in a natural gas pipeline. The CD tool can be used in
gas il an appropriate liquid slug can be provided for the duration of the survey, The length of the
slug required must be designed with consideration for the length of pipeline to be inspected. the
number and severity of bends, the intemal roughness of the pipe. the sealing capabilities of the pigs
emploved, and the difterential pressure required across the slug system. Additionally, elevation
variances can become a signilicant element due to the hydraulic heads that must be dealt with as the
slug goes up and down grades. In mountainous terrain, this sometimes becomes impossible to deal
with due to the compressibility of the gas upstream and downstream of the slug. Extensive velocity
variations cannot be dealt with using the shear wave UT technology. The ligquid slug containing the
inspection device must be run on-stream with the gas flow, and at full line pressure, to obtain
reasonable veloeity control. A much less attractive alternative is to shut the pipeline down and run
the tool totally in liquid service using external pumps.
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Batch liquid

Ultrasonic

Figure 6-8 Ultrasonic Teol in Liguid Slug

Norris, Ashworth, and Yeomans (2001) discuss the use of the CD tool by TCPL for the NPS 36
Western Alberta System Extension (WASE) for SCC detection since hydrotesting was considered to
be impractical. A special launch barrel for the tool was required inorder to ereate an initial 33-meter
liguid slug. Fourteen features were investigated resulting *...in 9 SCC features, 4 narrow axial
corrosion featres, and one manufacture defect with-pitted corrosion.” Correlation was considered
good since narrow corrosion can create a signal similar to SCC.

6.2.3  Direct Examination

Once SCC has been identified by ILI or by hydrostatic test failures in the pipeline. direct
examination is the best way to evaluate the extent and severity of the SCC. [FSCC is suspected, the
pH of the water under the pipe coating near the suspected SCC colonies should be measured if
practical (i.e., itis not practical to measure the pH of electrolytes where a hydrostatic test failure has
occurred). In addition, the level of eathodie protection on the pipe should be measured near the pipe.

Whenever possible, samples of failed pipe should be removed for metallurgical evaluation.
Metallurgical evaluation should melude:

* Photo-macrographs of the orientation and distribution of the cracks on the pipe surface;
o Mechanical testing for ultimate tensile strength, vield strength, and elongation;

¢ Charpy impact energy. transition temperature curve, percent shear, lower shelf impact
energy;

s  Chemical analvsis; and
+  Metallurgical microstructure and mode of eracking (intergranular or transgranular) analysis.

The metallurgical data along with the site data should be used 1o estimate the remaining life of
similar defects left in the pipeline.

The following sections discuss the most widely used direct examination technigues,
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6.2.3.1 Visual Examination

Visual inspection is the oldest and most common form of nondestructive examination (NDE) used to
inspect for corrosion. Visual inspection is a quick and economical method of detecting various tvpes
of defects before they cause failure. Its reliability depends upon the ability and experience of the
inspector. The inspector must know how 1o search for significant flaws and how to recognize areas
where failure could occur.

The main disadvantage of visual inspection is that the surface o be mspected must be relatively
clean and aceessible to the naked eve. Surface preparation can range from wiping with a cloth to
blast cleaning and treating with chemicals to show the surface details. Typically, visual inspection is
less sensitive than other surface NDE methods. In fact, in most cases, SCC colonies are not visible to
the naked eve.

6.2.3.2 Magnetic Particle

Magnetic particle nspection (MPI) is an NDE method primarily used fo detect surface-breaking
flaws in ferromagnetic materials such as steel and iron, MPI can also be used to locate sub-surface
flaws; however, its effectiveness quickly diminishes depending on the flaw depth and type.

The MPI method, along with hiquid penetrant inspection, 15 one of the oldest and most widely
utilized forms of NDE. Magnetic particle testing uses magnetic ficlds and small magnetic particles,
such as iron filings. to detect flaws in components. The magnetic particles can be applied dry. or wet
by suspending them ing colored or fluorescent liguid: The technigue uses the principle that magnetic
lines of force ( flux) will be distorted by the presence of a flaw in a manner that will reveal the flaw’s
presence. The flaw (for example, a crack) is then located from the "flux leakage." lollowing the
application of fine iron particles, to the area under examination. There are variations in the way the
magnetic field 1s applied, but they are all dependant on the above principle.

Surface irregularities and scratches can give misleading indications. Therefore, it is necessary to
ensure careful preparation of the surface before magnetic particle testing is undertaken, Note that
some preparation techniques applicable in other circumstances can mask defects by peening over the
cracks and should be avoided.

Table 62  Magnetic Particle Inspection Technigue Comparison (Hall and McMahon, 1988)

Type of MPI Sensitivity Advantages Disadvantages
Diry Powder 2-5 mm long cracks Easiest Lowest sensitivity
Requires UV lamp
Wet Flucrescent 1 mm long cracks Highest sensitivity Can only be used in low
light
; y Requires application of
Black on White Contrast 1-2 mm long cracks Easily photographed white contrast paint

6.2.3.3 Liguid Penetrant

Liquid penetrant inspection ( LPI) 15 one of the most widely used NDE methods and is used to reveal
surface breakmg Maws by bleedout of a colored or Muorescent dye from the Naw, Its popularity can
be attributed to 1ts relative case of use and its flexibility.
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The technigue 15 based on the ability of a liquid to be drawn into a "clean” surface-breaking flaw by
capillary action. After a period of time called the "dwell," excess surface penetrant is removed and a
developer applied, which acts as a “blotter.” The developer draws the penetrant from the flaw to
reveal its presence. Colored (contrast) penetrants require good white light while fluorescent

penetrants need to be used m darkened conditions with an ultraviolet "black light."

Penetrant inspection can be used on any metallic material. It is essential that the material be
carcfully cleaned first, otherwise the penetrant will not be able to get into the defect. If surface
penetrant 15 not fully removed, misleading indications will result,

Like all NDE methods, LPI has both advantages and disadvantages. The primary advantages and
disadvantages when compared to other NDE methods are summarized below,

Primary Advantages

o The method has high sensitivity to small surface discontinuities:

¢ The method has few material limitations, i.e. metallicand nonmetallic, magnetic and
nonmagnetic, conductive and nonconductive materials may be inspected.

s Parts with complex geometric shapes are routinely inspected.

¢ Indications are produced diréetly on the surface of the part and constitute a visual
representation of the flaw,

s Aecrosol spray cans make penetrant materials very portable.
o Penetrant materials and associated equipment are relatively inexpensive.
s Can be used to accurately determine defect depth for removal by grinding.
Primary Disadvantages
¢ Precleaning is eritical as contaminants can mask defeets,
¢ The inspector must have direct access to the surface being inspected.
o Surface finish and roughness can aflect inspection sensitivity,
* Multiple process operations must be performed and controlled.
+ Post cleaning of accepiable parts or materials 15 required.
s  Chemical handling and proper disposal 15 required
6.2.34 Eddy Current

Eddy current testing is an electromagnetic technique and can only be used on conductive materials,
Its applications range from crack detection, to the rapid sorting of small components tor flaws, size
variations or material variation,

When an energized coil is brought near to the surface of a metal component, eddy currents are
induced into the specimen. These currents set up a magnetic field that tends to oppose the original
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magnetic field. The impedance of the coil in close proximity to the specimen is affected by the
presence of the induced eddy currents in the specimen.

When the eddy currents in the specimen are distorted by the presence of the flaws or material
variations, the impedance in the coil is altered. This change is measured and displaved in a manner
that indicates the type of flaw or matenial condition.

6.2.3.5 Ultrasonic Shear Wave

Ultrasonic inspection uses sound waves of short wavelength and high frequency to detect flaws or
measure material thickness, Usually, pulsed beams of high frequency ultrasound are used via a hand
held transducer (probe), which is placed on the specimen. Any sound from the pulse that is reflected
and returns to the transducer (like an echo) is shown on a screen, which gives the amplitude of the
pulse and the time taken to return to the transducer. Flaws anvwhere through the specimen thickness
reflect the sound back to the ransducer,

Using the ultrasonic shear wave technique, the depth and length of a stress corrosion crack can, in
principle, be measured. However, a stress corrosion crack israrely isolated, and other nearby cracks
in a cluster can cause interference that can lead to erroneous readings. In a recent critical evaluation
of ten technologies for measuring crack size in the ditch, ultrasonics appeared to have the most
promuse, but it was not considered 1o have satisfactory accuracy in general (Francim 2000), Because
of its complexity, considerable technician training and skill are required to perform ultrasonic shear
wave inspection,

6.2.3.6 Potential Drop

Both DC and AC potential drop techniques can be used to determine fatigue crack depth {Donald
and Ruschau, 1991); The two technigues require electrical contact with the metal surface to inject
the current and to measure the potential difference across the crack. By virtue of the skin effect, AC
potential drop (ACPD) has the advantage of lower current requirements and greater sensitivity to
surface-breaking cracks than its DC counterpart. In the case of uniform field ACPD measurements, it
is possible to deduce crack depths and crack shapes without the use of calibration blocks, and there
15 a well-developed theoretical base for this variant. Calibration blocks are required if smaller hand-
held ACPD units are used because the incident hield is highly non-umiform,

6.2.3.7 Alternating Current Field Measurement

AC field measurement (ACFM) is an electromagnetic technique which offers the capability of
detection and sizing of surface-breaking cracks without the need for calibration or cleaning to bare
metal (see for example Zhou, Lugg and Collins 1999). ACFM is a natural extension of ACPD with
the uniform injected current replaced by a uniform field induced by a driver coil. and the contact
¢lectrodes replaced by a set of orthogonal pick-up coils. The measurements are performed by
scanning the probe along the crack, using a sophisticated mathematical model to deduce the crack
depth and length from the field perturbations via a PC. Like ACPD, ACFM 15 well suited to the
sizing of surface cracks in magnetic steels and has been adapted for underwater use in the offshore
industry.
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6.2.4  Predictive Modeling

A number of investigators have attempted to employ a variety of technigues to prediet siress
corrosion crack initiation and growth. The method that follows established guidelines is the
Engineering Critical Assessment (ECA) based on fracture mechanics principles. It 15 noted,
however, that although Canada and other nations allow the use ol ECA to determine the disposition
of crack-like anomalies, United States standards require repair or replacement (Jaske, Vieth, and
Beavers 2002). An ECA includes estimation of failure conditions for flow strength and toughness-
confrolled fracture and the potential for crack growth by fatigue, SCC. or corrosion fatigue.

6.2.5  Comparison

The methods described above have varyving degrees of effectiveness in investigating SCC, but each
method has limitations. Hydrostatic testing will identify critical flaws, but wall give no indication of
the location of sub-critical flaws. Nevertheless, the technique has the advantage of ensuring integrity
throughout the segment at the ime of the hvdrostatic test. Critical cracks detected by hyvdrostatic
testing will be smaller than critical cracks at MOP. The time fo grow cracks from hydrostatic test
critical cracks to MOP critical cracks is very important to the analysis of SCC. Direct examination is
effective for external flaw identification, but the operator must have well-defined excavation limits.
ILI tool runs for crack detection arelimited by the tool speed and pipe size, require expert oversight
and have extra considerations for gas pipelines (e.g. the need for a liquid eouplant for UT tools).

In general. examination techniques focus first on erack location. next on erack length determination.
and finally on crack depth defermination. Some techniques can only give crack location, with little
additional information for erack characterization. There is no available technique that is 100%
reliable not only for finding the locations of SCC. but further determining both crack length and
depth characteristics.

Analytical approaches allow insight. but are generally difficult to prove applicable unless coupled
with other tvpes of data developed from some examination technique.

6.3 Direct Assessment

Stress corrosion cracking direct assessment (SCCDA) 1s a structured process that is intended to
assisl pipeline operators in assessing the extent of 8CC on a section of burnied pipeline, thus
confributing to improved safety by reducing the impact of external SCC on pipeline integrity,
SCCDA requires the integration of data from historical records, indirect surveys, ficld examinations,
and from pipe surface evaluations (i.e. direct examinations) combined with the physical
charactenistics and operating history of the pipeline. SCCDA is a continuous improvement process,
Through successive applications, SCCDA should identify and address locations where SCC has
occurred, is occurring, or might occur. SCCDA provides the advantage and benefit of locating areas
where SCC might oceur in the future rather than only areas where SCC has already occurred,

NACE currently is developing a recommended practice for SCCDA. SCCDA, as described in this
standard. is specifically intended to address buried onshore petroleum (natural gas, erude oil, and
refined products) production, transmission, and distribution pipelines constructed from line pipe
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steels. This recommended practice addresses the situation in which a pipeline company has
identified a portion of its pipeling as an area of interest with respect to SCC based on its history,
operations, and risk assessment process, and has decided that direct assessment 1s an appropriate
approach for integrity assessment. This procedure is designed for application to both forms of
external SCC (near neutral-pH SCC and high-pH SCC).

The standard provides guidance for managing SCC by selecting potential pipeline segments,
selecting dig sites within those segments, inspecting the pipe, collecting and analyzing data during
the dig, establishing a mitigation program. defining the reevaluation interval, and evaluating the
effectiveness of the SCCDA process.

SCCDA is complementary with other inspection methods such as ILI or hvdrostatic testing, and is
not necessarily an alternative or replacement for these methods in all instances. SCCDA also is
complementary with other direct assessment procedures such as those given'in NACE Standard
RP0O502-2002 and the proposed NACE Standard RPO104-2004, 1L1 or hydrostatic testing may not be
warranted if the initial SCCDA indicates that “significant™ and extensive cracking is not present on
a pipeline system. SCCDA can be used to prionitize a pipeline system for ILLor hydrostatic testingif
significant and extensive SCC is found. SCCDA also may detect other pipeline integrity threats,
such as mechanical damage, external corrosion, microbiologically influenged corrosion (MIC), ete.
When such threats are detected, additional assessments and/or inspections should be performed.

In the NACE SCCDA process, initial scleetion of pipeline segments on gas pipelines for assessment
of risk for high pH SCC is based on Appendix A3 of ASME B31.88, Section A3.3. Appendix A3
considers the following factors: operating siress, operating temperature, distance from compressor
station, age of pipeling, and coating type. A pipeline segment is considered susceptible to high-pH
SCC if all of the following factors are met.

* The operating stress exceeds 60 percent of specified minimum yield strength (SMYS);

o The operating temperature exceeds 38°C (100° F);

o The segment 1s less than 32 km (20 mi.)) downsiream from a compressor station;

¢ The age of the pipeline is greater than 10 years: and

o The coating type is other than fusion-bonded epoxy.

ASME B31.88 addresses gas pipelines, but the same factors and approach are used in the standard
for liquid petroleum pipelines, considering the distance downstream [rom a pump station as one of
the factors for selecting potentially susceptible segments. Appendix A3 of ASME B3 1.85 does not
currently address near neufral-pH SCC. The same factors and criteria are used in the standard for the
selection of pipeling segments lor assessment of risk of near neutral-pH SCC, with the exclusion of
the temperature criterion.

2, An 8CC cluster is assessed to be “significant™ based on the CEPA definition, if the deepest crack, in a senies of
interacting cracks, 15 greater than 10 percent of the wall thickness and the total interacting length of the cracks 15 equal to
or greater than 75 percent of the critical length of a 50 percent through-wall flaw that would fail at a stress level of 110
percent of SAMYS, CEPA also defines the interaction criteria. Mote that these definitions are currently being reviewed by
CEFA.
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The SCCDA process consists of four steps: Pre-Assessment, Indirect Examinations, Direct
Examinations. and Post Assessment. Further details of each step are given below.

6.3.1  Pre-Assessment Step

In the Pre-Assessment Step, historic and currently available data are collected and analvzed to
prioritize the segments within a pipeline system with respect to potential SCC susceptibility and to
select specilic sites within those segments for direct examinations. The types of data collected are
typically available from in-house construction records, operating and maintenance histories,
alignment sheets, corrosion survey records, other above-ground inspection records, government
sources, and inspection reports from prior ntegrity evaluations or maintenance actions, These data
can be divided into five categories; pipe related, construction related. soils/environmental. corrosion
protection, and pipeline operations. The most relevant pipe-related parameters for mill-coated pipe
are surface preparation and coating tvpe. The type of seam weld also may be significant. The most
relevant construction-related factors for pipe coated over the ditch are surface preparation and
coating type. Weather conditions and factors contributing to residual stresses may also be important,
With respect to soils/environment, moisture content and soil tvpe have been correlated with
locations of SCC in some cases. With respect to corrosion protection, CP-related parameters are
contributing factors because adequate CP can prevent SCC exceptunder certain disbonded coatings
(which can shield the current from the pipe). With respect to pipeline operations, SCC history and
pressure fluctuations are important. Temperature history also is important for high-pH SCC. For
liquid lines, changesin produet also can influenee operating conditions. such as the pressure profile
between pumping stations.

Ideally, the specific sites lor direet examination (i.c., dig sites) should be selected 1o maximize the
probability of finding SCC if it does exist on the pipe. Unfortunately, there are no well-established
methods for predicting with a high degree of certainty the presence of SCC, based on above-ground
measurements. However, industry experience can provide some guidance for selecting more
probable sites. The eritieal factors for high-pH SCC and near neutral-pH SCC are similar, but some
differences exist. Also, the most relevant Factors may ditfer from one pipeline to another, or even
one segment to another. depending on the history of the line. Some companies have found that
predictive models can be effective at identifyving and ranking areas along a pipeline that are
susceptible to near neutral-pH SCC. Such models can be effective only if reliable pipe and terrain
conditions are used and the predictive model is verified and enhanced through investigative
excavations. For site selection, the following lactors should be considered for locating SCC.

¢ A history of SCC in area of interest

e Unique characteristics associated with previous SCC locations
* Locations with coating anomalies

o [LI indications of dents

s [LI indications of general corrosion (with shielding coatings)

¢ Locations where the stresses, pressure fluctuations. and temperatures were highest
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+ Locations where there has been a history of coating deterioration

6.3.2 Indirect Inspection Step

In the Indirect Inspection Step. additional data are collected. as deemed necessary by the pipeline
operator, to aid prioritization of segments and site selection. The necessity to conduct indirect
inspections and the nature of these inspections depends on the nature and extent of the data obtamed
in the pre-assessment step and the data needs for site selection. Typical data collected in this step
may include ¢lose interval survey (CIS) data, direct current voltage gradient (DCVG) data, and
information on terrain conditions {soil type, topography, and drainage) along the right of way.

6.3.3  Direct Examination Step

The Direct Examination Step includes procedures to field verify the sites selécted in the first two
steps. and conduct the field digs. Above-ground measurements and inspections are performed to
ficld verify the factors used to seleet the dig sites. For example. the presence and severity of coating
faults may be confirmed. If predictive models based on terrain conditions are used, the topography,
drainage. and soil type require verification. The digs are then performed and if any SCC is detected,
the severity, extent, and type of 8CC at the individual dig sites are assessed. The data that can be
used in post assessment and predictive model development are then collected.

The types and extent of data collected at the dig sites are at the discretion of the pipeline operator
and depends on the planned usages of the data. Limited data. consisting of the assessment of
cracking. may be appropriate in cases in which the operator is assessing a pipeline segment for the
presence or absence of SCC. More extensive data collection procedures would be required if the
operalor is attempting to develop a predictive model for SCC on a pipeline svstem, I cracks are
found. at a munimum, their dimensions should be recorded to confirm continued serviceability of the
pipeline.

6.3.4  Post Assessment Step

In the Post Assessment Step, data collected from the previous three steps are analyzed to determine
whether SCC mitigation is required. If mitigation is deemed necessary, the operator prioritizes the
mitigative actions, defines the interval to the next full integrity reassessment and evaluates the
effectiveness of the SCCDA approach. Each pipeline company is responsible for selecting post-
assessment options, including developing, implementing, and verifving a plan to define reassessment
intervals, and evaluating the effectiveness of the SCCDA approach.

There are two tvpes of matigation: discrete mitigation and general mitigation. Discrete mitigation is
selected to address isolated locations at which “significant”™ SCC has been detected during the course
of the ficld investigation program. Typically, this form of mitigation is limited to areas where the
affected pipe length is relatively short—Iless than 91 m (300 i) in length. Mitigation options include
repair or removal of the atTected pipe length. hyvdrostatically testing the pipeline segment. and
performing an engineering critical assessment to evaluate the risk and identify further mitigation

methods.
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Gieneral mitigation is selecied to address pipeline segments when the nsk of “significant™ SCC could
potentially be widespread within a particular segment or segments of a pipeline. Typically. this form
of mitigation is used to address arcas in which the affected pipe length is relatively long. General
forms of mitigation in¢lude hydrostatic testing of the affected segment or segments, ILI when
appropriate tools are available, extensive pipe replacements and re-coating.

Periodic reassessment is the process in which segments of a pipeline are re-investigated at an
appropriate time interval. It is at the operator’s diserction to establish the number of additional
investigations required on a given segment and the reassessment infervals based on information such
as the extent and severity of'the SCC detected during the original investigation, the estimated rate of
propagation of the crack clusters, remaining life of the pipe containing the clusters, the total length
of the pipe segment, the total length of potentially susceptible pipe within the segment, and the
potential consequences of a failure within a given segment,

Methods used to assess SCCDA effectiveness include comparison of results for selected dig sites
with results for control digs, comparison of results of SCCDA for seleeted segments with results of
[LT using crack detection tools, statistical analysis of data from SCCDA digs todentify stahistically
significant factors associated with the occurrence andfor severity of cracking, successive
applications of SCCDA 1o a pipeline segment, and assessment of SCC predictive models with
respect to reliability of predicting locations and severity of SCC.

In the post-assessment step, it also is important 1o evaluate the criteria used for initial selection of

susceptible segments: [t might be necessary to modify these criteria for a pipeline or system based on
the results of SCCDA digs.
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7 Mitigation of SCC

“Compile a report summarizing the history of SCC on pipelines, explaining the canses and factors
contributing to SCC initiation and growth, and discussing methods for prevention, detection and
mitigation of SCC on pipelines, including effectiveness of [L] tools and other in-the-bell hole
examination methods to detect SCC."

The scope statement was broken down into components of Understanding Stress Corrosion Cracking
(SCC) m Pipelines (Chapter 4); Prevention of an SCC Problem (Chapter 5), Detection of SCC
(Chapter 6); and Mitigation of SCC {Chapter 7).

This chapter summarizes the current state of knowledge of understanding how to mitigate SCC.

7.1 Repair and Mitigation Options

710 Pressure Reduction

Though itis not a long-term solution, pressure reduction can be used o decrease the hkelihood of an
immediate or near-term SCC failure. The pressure reduction provides time for the operator to assess
the pipeline integrity and determine a long-term mitigation and management strategy.

Reduction in pressure increases the critical crack size necessary to cause failure and reduces the
driving force for crack growth. Typically, a 20 pereent reduction is specified following a pipeline
incident. The logic is that the previous operating pressure is equivalent to a “test” pressure which is
125 percent (5/4) of the new operating pressure. Therefore, the new operating pressure should be 80
percent (4/5) of the last “test” pressure. The maximum operating pressure may be raised back to the
previous level if the integrity of the pipeline can be assured through some means of inspection. such
as hydrostatic testing or [LL

7.1.2  Hydrostatic Testing and Repair

Hydrostatic testing and repair can be used to reduce the likelihood of a stress corrosion failure.
Hydrostatic testing will cause critical cracks (at the test pressure) to fail. By repairing these ruptures,
critical cracks are eliminated, although near critical cracks could remain undetected.

Using hydrostatic testing alone requires retest on a regular basis o catch any stress corrosion cracks
that may have grown singe the previous test. Establishing an appropriate retest interval remains a
challenge for operators.

While there 1s data that suggests hydrostatic tests inhibit subsequent SCC crack growth by imparting
a compressive residual stress at the crack tip, some of the surviving cracks may continue to grow.
Barlo reported that two leaks were discovered in a pipeline operating at 71 percent SMY'S two and
four months following a retest at 90 percent SMY'S (Barlo 1979). He also reported six ruptures that
occurred 1.7 to 8.3 years following retests. There was a general correlation between higher retest
pressures and longer times to rupture. Many other portions of the pipelines had survived 10 10 12
vears following a retest without an additional failure. The field behavior is consistent with the
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theoretical predictions of Leis, which showed that, while retesting to 95 percent SMYS produces
almost no benefit in terms of increasing remaining life. test pressures above this level can be very
beneflicial (Leis 1999), Pressures between 105 and 110 percent SMY'S appear to be most beneficial,
When tests to these pressures are for short durations, they are known as “spike tests”™ (see Section
6.2.1).

7.1.2.1 Selective Crack Blunting

Blunting of eracks mayv be obtained by hvdrostatically testing the pipeline. The hvdrostatic pressure
15 held in a range where vielding can occur at the crack tip of large cracks that survive the hvdrotest,
Yielding at the crack tip causes compressive residual stresses around the crack tip and rounding. or
blunting, of the crack tip. Once the crack tip is blunted. additional erack growth is minimal until a
new crack grows at the end of the blunted crack.

The blunting effect mav be reinforced by the residual compressive stress thatis ereated immediately
below the crack fip when the pressure is relieved,

7.1.3  Recoating

Disbonded coating or tape is frequently a contributor to SCC, In addition, mill scale remaining on
the pipe surface after coating surface preparation has also been linked to SCC.

Recoating the pipeline can improve the resistance of the pipe to SCC. During recoating, any
remaining mill scale can be removed during surface preparation and the pipe recoated. Grit blasting
conducted during the surface preparation process increases resistance to SCC by imparting a
compressive residual stress on the pipe surface (Koch, 1983).

Coatings selected for recoating of pipelines must resist cathodic dishondment, adhere well to the
pipe, resist mechanical damage, and resist moisture degradation, Additionally, they should not shield
cathodic protection 1f they do ‘disbond. Manv protective coatings are available for use in
reconditioning existing lines in the ditch, including cold-applied tapes, hot-applied tapes, and liquid-
based coatings (CEPA 1997). Often, performance testing of several coatings is necessary to selecta
coating for each reconditioning application.

Unfortunately, the current coating of choice by most operators for imitial application, FBE. is not
typically practical for recoating applications. FBE application requires a controlled environment to
apply the powder and heat the surface to properly fuse the coating to the pipe. In licu of this, other
recoating svstems must be applied as mentioned above.

A wnitten procedure for the recoating 1s strongly recommended to ensure the mtegnty of the pipe
and protective coating. It is further recommended that the operator review this procedure with the
confractor prior fo field implementation. The procedure should address, as a minimum: 1) surface
preparation requirements, 2) ambient weather conditions, 3) com patibility with existing coatings, 4)
geographical and physical location, 5) health and salety codes and considerations, and 6) Quality
Assurance.
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714 Extension of Exclusion Zones

Execlusion zones beyond the existing ROW zone limits and separation requirements can be extended
to supply an additional safety margin against damage that may result from failure. This measure does
nothing to address or remedy the root cause of the concern; however, between the time a concern
arises and the concern is inveshgated and satisfactonly remedied, extending and enforemg exclusion
zone limits may be a consideration,

L5 Grinding

“Girinding” 1s addressed in the Pipeline Repair Manual (Kiefner, Bruce and Stephens 1999). When
SCC can be definitively located, excavation and inspection, with consequent grinding/buffing of the
siress corrosion cracks and recoating, is recommended: ©.. if (1) the stress-concentrating effect of’
the defeet or imperfection is eliminated. (2) all damaged or excessively hard material is removed,
and (3) the amount and distribution of metal removed does not significantly reduce the pressure-
camrying capacity of the pipe.” B3I1G/RSTRENG can be used to determime whether the remaining
wall 15 adequate to resist operational loads (see Section 8.2.4). Note that most of the operators
interviewed (see Seetion 10.4) mention grinding as the preferred repair technique. As per the
Pipeline Repair Manual: *The operating pressure should he reduced to 80% of that at which the
defect was discovered (or to 80 pereent of a recently demonstrated high pressure).” Subsequent to
grinding, the pipe must be recoated (sec Section 7.1.3).

7.1.6  Pipe Sleeves

Pipe sleeves and bolt-on clamps that are able to permanently restore the serviceability of the pipe
can also be used. A sleeve installation often follows grinding of an excavated section of pipe, where
the depth of grinding results in a wall thickness less than the minimum required For safe operations.
The ground area is filled wath a non-shrinking filler when a sleeve 1s used to miigate SCC,

The expectation is that the repair system used should meet the same expected results as from
replacing damaged or corroded pipe. Only full-encirclement sleeves should be used for repair of
SCC. Bolt-on clamps are always full-encirclement. The main types of full-encirclement sleeves are:
Type A (Reinforcing), Type B (Pressure containing), Mechanical (boli-on) and Composite
Reinforeed.

Type A sleeves consist of two halves of'a eylinder of pipe or curved plate that are placed around the
carrier pipe and joined by welding the side seams. This type of sleeve’s role is solely fo restrain
bulging of the defective area. The main disadvantages of Type A sleeves are:

s [tis not useful for circumferential-oriented defects.

s [t cannot be used to repair a leak.

e i creates a potential corrosion problem by the formation of an annular space between the
sleeve and the carrier pipe that may be difficult to cathodically protect (no failures in this
manner are known).
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Compressive sleeves are Type A" sleeves, and are lap welded with a fillet weld on both sides ol the
pipe in licu of a groove weld that uses the pipe as backing. This tvpe of sleeve is installed in a
similar fashion to Type A and B sleeves, but actually induce a compressive stress into the carrier
pipe and rely on a high-strength epoxy to bond them to the carrier pipe. Compressive sleeves are
currently not recommended lor repair of leaks.

Type B sleeves are similar to Type A sleeves, but in addition to the side seams, circumferential
welds are installed between the sleeve and the carrier pipe. Because this type of sleeve may contain
pressure and/or longitudinal stress, it must be designed and installed in a manner to ensure its
structural integrity. Since Type B sleeves are designed to contain pressure, they may be installed to
repair leaks, though they are ofien used to repair non-leaking defects as well,

Extensions of the traditional pipe sleeve concept include encirclement systems. These are currently
strictly for pipe wall reinforcement and must not be used for leak contamment. This may consistofa
woven fiberglass/epoxy resin material that results in monolithic compaosite pipe reinforcement. The
composite material has been proven by extensive lab testing, withithe basic materials proven by over
30 wvears ol field experience m the petro-chemical and related mdustries. Another type of
encirclement system consists of a fiberglass/polyester composite material eoiled with adhesive in
layers that reinforce steel pipe having certain non-leaking defeets. According to tests and analyses
by the Gas Research Institute (GRI), when properly installed, the system permanently restores the
pressure-containing capability of the pipe. Based on GRI field and lab performance data, OPS
concluded that this technology provides at least the same level of safety on high-stress transmission
lines as pipe replacement or a full encirclement split sleeve, As a result, OPS allowed, by waivers,
certain operators to use this repair system on their pipelines.

7.1.7  Pipe Replacement

Replacement of selected sections of pipe can be used to eliminate stress corrosion colonies. When
ILI or hydrostatic testing indicates the presence of SCC, removing the section of pipe is often the
most effective method of repair. The section of pipe removed can be given metallurgical evaluation
to better understand the SCC mechanism (e.g. high-pH or near neutral-pH SCC) for possible use in
subsequent SCCDA. Whatever the case. the sections of the pipeline affected by SCC can be replaced
and the pipeline returned to normal operation.

7.1.8  Options Discussion

As discussed, SCC is usually associated with coating failure. Therefore. new or replacement design
should consider the use of FBE coating (FBE has been shown to be an effective barrier to the SCC
susceptible environment) or possibly other coating svstems that have not been associated with SCC,
However. for existing pipelines, pipe replacement is seldom realistic except for specilic pipe
segments that are in imminent danger of failure.

IfSCC can be definitively located, excavation and inspection. with consequent grinding/buffing of
the stress corrosion cracks and recoating, 15 recommended if the remaining wall is adequate to resist
operational loads.
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The most problematic case is an existing pipeling, which has been found 1o be generally susceptible
to SCC. but where detailed investigation and remedial action is not practical. and specific locations
are difficult to detect and assess. In this case, the choice is usually between an 1L investigation and
hvdrostatic testing {or both). accompanied by the equivalent of an ECA to ensure that the measures
and/or testing intervals will be effective in proactively identifving SCC belore it becomes critical
and/or otherwise affects pipe integrity,
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